An electronic topological transition (ETT), first identified by Lifshitz [1] , occurs when changes to a metal cause new features to appear in the topology of the Fermi surface [2] . Structural, mechanical, and electronic properties are usually altered by an ETT, which can be induced by alloying [3] [4] [5] or pressure [6] [7] [8] . Recently a novel temperature-induced ETT has been reported to alter magnetoresistivity [9] . In this Letter, we show through first-principles calculations and ancillary experiments how a thermally-driven ETT drives anomalous changes in phonon dynamics.
FeTi is a thermodynamically stable [10] [11] [12] nonmagnetic [13] intermetallic compound with a bcc-based B2 structure and a melting point of approximately 1600 K. FeTi is of interest for its hydrogen absorption capabilities [14] [15] [16] and for its mechanical properties [17, 18] . It has been the subject of a large number of experimental and theoretical studies including inelastic neutron scattering [19, 20] and first-principles calculations [21] [22] [23] . The calculations show that FeTi has a Fermi level that lies in a pseudogap in its electronic density of states (DOS) [24] [25] [26] , so thermal smearing could increase the effective density of electrons at the Fermi level.
First-principles calculations on FeTi were performed with projector augmented wave potentials [27, 28] and the generalized gradient approximation [29] of density functional theory (DFT) [30] using the VASP package [31, 32] . The electronic DOS curves at various temperatures were obtained through static calculations and constant volume ab-initio molecular dynamics (AIMD) calculations on 128-atom supercells. Convergence with respect to kinetic energy cutoffs and sampling of k points in the Brillouin zone was checked in all cases. The calculations show that the pseudogap is present at the Fermi level in the 0 K electronic DOS, and is filled as the num- ber of electronic states at the Fermi level increases by 218% from 0 K to 1035 K, as shown in the Supplemental Material [33] . Forces and atomic configurations in the AIMD simulations were used to compute phonon energies at different temperatures with the temperature-dependent effective potential (TDEP) method [47, 48] , in which a model Hamiltonian
is used to sample the potential energy surface at the most probable atom positions, where p i and u i are the momentum and displacement of atom i , respectively, and Φ ij is a second-order force constant matrix. The force constants from Eq. 1 were used to obtain phonon dispersions and phonon DOS curves at temperatures from 300 300 600 900 1200 1500 Temperature (K) to 1500 K ( Fig. 1 ). Thermal expansion causes phonons to soften with temperature, and this was accounted for by the quasiharmonic calculations presented in the Supplemental Material [33] . The AIMD calculations were performed without thermal expansion, so Fig. 1 shows the thermal effects from pure anharmonicity and from the adiabatic EPI. These are significantly larger than the thermal softenings from quasiharmonicity reported in the Supplemental Material.
The nonadiabatic electron-phonon interaction (EPI) is well known from conventional superconductivity, where electrons are paired by phonons with wavevectors that span the Fermi surface [49, 50] . With increasing temperature the effects of the nonadiabatic EPI dissipate [49] , but there can be an increase in the adiabatic EPI, which requires excitations of both electrons and phonons [51, 52] . The adiabatic EPI can have a significant effect on the high-temperature thermodynamics of materials with sharp features in the electronic DOS at the Fermi level because the thermal broadening of electronic states can change the availability of electrons to screen atomic displacements in phonons [53] [54] [55] [56] .
To help understand the EPI in FeTi, density functional perturbation theory [57] implemented with the Quantum ESPRESSO package [58] was used to calculate 0 K electron-phonon linewidths
where g ν mn (k, q) is the matrix element of an EPI involving a phonon and two electrons with respective wavevector and band indices km and k + qn, f km is the Fermi-Dirac distribution for electrons, and ε km is the eigenenergy of an electron. The Supplemental Material shows that many of the modes that soften with temperature in Fig. 1 are those with strong electron-phonon coupling and large Γ qν [33] . Interestingly, these calculations showed that the M − 5 mode has a negligible electron-phonon linewidth at 0 K, even though it shows the strongest thermal softening in Fig. 1 . Figure 1 shows the anomalous behavior of the M − 5
mode, which softens increasingly rapidly with temperature as shown in Fig. 2 . The M − 5 mode and modes near it contribute strongly to the softening of the phonon DOS peak around 25-27 meV. This mode is dominated by the motions of iron atoms, and both the experimental DOS curves from inelastic neutron scattering (INS) and nuclear-resonant inelastic x-ray scattering (NRIXS) shown in Fig. 3 emphasize phonon scattering from iron atoms (Ti is a weaker scatterer of neutrons, and Ti cannot contribute to the NRIXS spectrum). When the phonon softening from thermal expansion, obtained from quasiharmonic calculations described in the Supplemental Material [33] , is removed from the experimental points, the agreement in slopes of the curves in Fig.  2 is excellent. The magnitudes of the phonon energies show agreement between computation and experiment that is better than expected. For example, the experimental peaks include contributions from phonons around the R point, which lie above 3 meV higher than the M To calculate the adiabatic EPI, the effects of phonons were simulated by DFT calculations on supercells with thermal atom displacements, obtained at random times during the AIMD simulations. The thermal excitations of electrons were described by a thermal smearing function from the energy derivative of the Fermi-Dirac distribution function, which is similar to a Gaussian function with a standard deviation of σ = 1.8 k B T . A discrete set of energies representative of this thermal spread gave a set of Fermi levels that were used to construct the Fermi surfaces of Fig. 4 (a)-(c) . The BandUP code [59, 60] was used to project the supercell band structures into the range of k-space for a standard B2 unit cell. Through unfolding operations [61] , BandUP obtains effective primitive cell representations of the band structures of systems simulated using supercells. Results are shown in Fig. 4(d)-(f) . (We found no noticeable differences in the band structures when thermal expansion was included, as reported previously in Ref. [23] .)
Owing to a decrease in band energy from thermal atom displacements, but more to the thermal smearing of the Fermi level, electronic states at the R point that lie above the Fermi level at 0 K intersect the Fermi level at high temperatures. New topological features appear in the Fermi surface around the R symmetry points and along the M-R symmetry lines of the Brillouin zone, as shown in Figs. 4(a)-(c) . These new features grow with increasing temperature. This is a thermally-driven electronic topological transition.
When the Fermi surface allows for many spanning vectors of phonons, the electronic screening of charge dis- ξ0 directions at 1035 K, displayed together with the changes in energies of the TA and LA branches from 300 K to 1035 K along the same directions.
placements can be more efficient, and phonons exhibit softenings such as Kohn anomalies [62] . With the appearance of thermally-driven features of the Fermi surface around the R point, new sets of spanning vectors are available to couple electronic states across the Fermi surface. Spanning vectors along the [ξξ0] and 1 2 ξ0 directions that connect these new features and the Fermi surface feature around the X points were counted as described in the Supplemental Material [33] . The numbers of vectors obtained for 1035 K are displayed in a histogram in Fig. 5 . This distribution overlaps well with the group of wavevectors over which the transverse acoustic (TA) and longitudinal acoustic (LA) phonon branches soften significantly around the M symmetry point. These new spanning vectors should increase screening of the corresponding phonon modes by conduction electrons, causing the large softening of phonons as seen in Fig.  2 . The softening graphed in Fig. 5 was corrected for the softening expected from phonon-phonon interactions calculated by the TDEP method, as described in the Supplemental Material [33] .
Interatomic force constants were calculated by the TDEP method, and they showed thermal weakening of both Fe-Ti first-nearest-neighbor (1nn) transverse force constants and Fe-Fe second-nearest-neighbor (2nn) longitudinal force constants. By testing the sensitivity of the phonon dispersions to changes in these force constants, we found that the thermal weakening of both the Fe-Ti 1nn transverse force constants and the Fe-Fe 2nn longitudinal force constants contribute significantly to the thermal softening of the M − 5 mode. This behavior is consistent with the atomic displacement pattern shown in Fig. 6 , in which (110) planes slide in opposite [110] directions. (This is also a proposed displacement pattern for the structural phase transition in B2-ordered NiTi, a shape-memory alloy [63, 64] .) From the phonon polarization vectors, we found that the magnitude of the Fe displacement is at least twice as that of Ti. Softening of the the Fe-Ti 1nn transverse force constants and the Fe-Fe 2nn longitudinal force constants are particularly effective for softening the M − 5 mode, and these changes occur with the thermally-driven ETT.
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